Experimental procedure

Materials and mixtures preparation
Poly(9-vinylcarbazole) (PVK) obtained from Sigma Aldrich has Mn of 25000-50000 g/mol and polydispersity index of about 2. It was purified by methanol precipitation from chloroform solution, then filtered and vacuum dried at 70 o C for 3 hours. DNBE (Sigma Aldrich) was used as received. DNDB was synthesized by nitration of dibenzyl [17] . The TNDB synthesis has been presented elsewhere [18] . Fig. 1 shows the structures of PVK and the electron acceptors.
Deuterated chloroform (CDCl 3 ) and spectrophotometric grade tetrahydrofuran (THF) were used as received from Sigma Aldrich. CT interactions depend on the intrinsic properties of the donor and acceptor as well as environmental factors (solvent, temperature, molecular conformation). Because charge separation occurs in CTC, solvent polarity can play an important role [19] . THF and CDCl 3 were used to limit solvent competition.
The PVK mixtures with each electron acceptor were prepared by mixing both components in CDCl 3 for 1 H-NMR spectroscopy or THF for GPC and FTIR. The molar concentrations for 1 H-NMR measurements represent moles of nitroaromatic and moles of PVK repeating units.
Gel permeation chromatography
The polymer M W and P.I. were obtained by gel permeation chromatography using a Polymer Laboratories GPC instrument equipped with a PL-EMS 950 evaporative mass detector, PL gel 5 μm Mixed-C and -D columns, LC 1120 HPLC pump and 505 LC column ovens. Calibration was with polystyrene molecular weight standards from Polymer Laboratories. The M w values for free and mixed polymer were calculated by PL Logical GPC/SEC software using Mark-Houwink constants for PVK in THF (a = 0.65 and k = 14.4×10 -3 mL g -1 ) [20] .
2.3.
H-NMR spectroscopy
The 1 H-NMR spectra were acquired on a Bruker Avance DRX 400MHz spectrometer at 25 o C following literature procedures [21] . Tetramethylsilane (Sigma Aldrich) was the reference. For binding constant estimation, the acceptor concentration was kept constant and donor concentrations varied. The donor/acceptor molar ratio in PVK-DNBE and PVK-TNDB blends varied from 5 to 50 and from 40 to 330 for the PVK-DNDB blend. Molar concentrations of DNDB, DNBE and TNDB were 0.0028 M, 0.014 M, and 0.012 M respectively.
FTIR spectroscopy
FTIR absorption spectra were obtained from solutions cast and dried on KBr discs using a Bruker Vertex-70 FTIR spectrophotometer from 400-4000 cm -1 . We assume that the components of the mixtures act as electron donors and electron acceptors, and that changes of PVK M W and elution time in mixtures were due to CT interactions. For monofunctional PVK-DNBE mixtures the plot shows an exponential increase, with a slow, quasi-linear increase at low values of F A . Although complexation is sterically allowed, only a few CT interactions are established. For PVK-DNBE blends, the exponential behavior is due to an increasing number of CT interactions; the single functional group of DNBE participates in charge transfer For bifunctional PVK-DNDB and PVK-TNDB mixtures the plots are sigmoidal, suggesting that only one of the acceptor's functional groups undergoes CT interactions at low F A values. However, when F A increases (over 0.55 for mixtures with TNDB, and 0.18 with DNDB) the acceptor's second functionality allows new CT interactions with other carbazolyl groups.
Results and discussion
GPC analysis
The maximal CT interactions in THF form at molar ratios around 1:2, 1:5, and 1:2 for PVK-DNDB, PVK-DNBE and PVK-TNDB respectively (Table 1) . In all three systems, the M W shows maximal values, corresponding to the largest fraction of CTC formation, if acceptor molecules represent 80%, 20%, or 50% of the mixture (Fig. 4) .
1 H-NMR spectroscopy data
1 H-NMR investigations of polymer charge-transfer complexes have been extensively reported [23] [24] [25] [26] , as the technique offers more information about the interaction strength. A change in electron density due to partial electron transfer will have as its effect a chemical shift: upfield for the acceptor (higher electron density, more shielding) and downfield for the donor (lower electron density, less shielding) [22] . Because complex formation is in rapid equilibrium the observed acceptor's spectrum is a weighted average of the free and bound acceptor molecules' spectra, [27] .
For all mixtures increased shielding caused upfield shifts of the acceptor's aromatic protons, demonstrating formation of π-π * CTCs ( slope, as shown in Fig. 8 . For the PVK-DNDB mixture, the 8.14 ppm doublet was examined as the PVK was increased. The values from the Benesi-Hildebrand equation were Δ ∞ = 0.152 ppm and k = 0.511 L mol -1 . DNBE is monofunctional compared with difunctional DNDB and its π electron deficiency is larger, suggesting a stronger CT interaction. Consequently, the DNBE H 4 singlet (9.228 ppm) chemical shifts were obtained. The larger parameters (Δ ∞ = 0.260 ppm and k = 1.371 L mol -1 ) than those from PVK-DNDB suggest stronger complexation.
For PVK-TNDB mixtures we show the BenesiHildebrand plot results for H 3 singlet shifts (8.874 ppm) (Δ ∞ = 0.3737 ppm and k = 1.868 L mol -1 ). An average value of k for all protons (H 3 , H 5 , H 6 and CH 2 ) was found.
The DNDB groups can be viewed as "semi-molecules" of TNDB in a PVK-TNDB blend. These results suggest that the complex geometry corresponds to a parallel spatial arrangement of DNDB aromatic rings and CH 3 groups, centered on same axis.
FTIR spectroscopy data
The majority of IR measurements on the complexes have been concerned with shifts in the vibrational frequencies in the donor, acceptor or both. Nitroaromatic compounds exhibit (-NO 2 ) stretching at 1355-1320 cm -1 (symmetric) and 1555-1485 cm -1 (asymmetric) [28, 29] . Assignments for acceptor molecules and their charge transfer complexes with PVK are presented in Table 3 . In addition, expanded FTIR spectra of DNDB and PVK-DNDB mixtures are shown in Fig. 9 . 
Conclusions
GPC,
1 H-NMR and FTIR methods were used to evaluate CTC strength in solution and relate this to the components' structures. Although they are weak, charge transfer interactions were demonstrated in all PVK-nitroaromatic mixtures.
GPC showed increased apparent polymer M W in mixtures compared with pure PVK, showing complex formation.
From the FTIR spectra of mixtures, acceptor (-NO 2 ) stretching shifts are related to acceptor changes in electron density when complexed with PVK chains.
The largest 1 H-NMR chemical shifts were obtained for the PVK-DNBE mixture, and upfield shifts in all mixtures also demonstrate complex formation. The equilibrium association constants calculated from the Benesi-Hildebrand equation imply that charge transfer interactions are strongest in the PVK-TNDB mixture. In addition, DNDB showed steric hindrance causing charge transfer interactions to be less favored in the PVK-DNDB mixture.
In mixtures with PVK, the ability of nitroaromatics to accept electrons diminishes: TNDB > DNBE > DNDB.
